Norethindrone has been examined in vitro for antibacterial activity against 10 microorganisms. Turbidimetric techniques were used to assay the antibacterial activity of norethindrone. The organisms tested included Staphylococcus aureus, S. epidermidis, Micrococcus conglomeratus, Listeria monocytogenes, Streptococcus faecalis, Salmonella typhosa, Shigella flexnerii, Klebsiella pneumoniae, Escherichia colt, and Proteus vulgaris. Bacteriostatic action was shown only against the grampositive microorganisms when they were grown anaerobically in Tryptic Soy Broth containing 10 to 50 ,ug of norethindrone per ml. The bacteriostatic action of norethindrone was exerted primarily during the first 8 hr of incubation and it was reduced by the presence of oxygen. Mestranol at a concentration of 1 to 10 ,ug/m failed to exert any significant action on S. aureus. However, incorporation of 5 fg of mestranol per ml in the culture medium enhanced the bacteriostatic action of norethindrone on staphylococci. Enhancement of the bacteriostatic action of norethindrone could not be obtained by the addition of a concentration of 5 ug/ml of testosterone, 17a-estradiol, and 178-estradiol. Progesterone and 4-pregnen-208-ol-3-one under similar conditions showed an additive bacteriostatic effect wben they were incorporated into the culture medium containing norethindrone. In vivo studies indicated that female, adult New Zealand rabbits, injected subcutaneously with two injections of 10 to 20 Mug of norethindrone, 24 hr apart, and challenged intradermally with S. aureus 4 hr after the second injection, had fewer lesions with smaller areas of swelling and erythema as compared to control, nontreated rabbits. The protective effect of norethindrone on the development of staphylococcal lesion seemed related to hormone concentration. Thus, it was demonstrated with doses of 20, 15, and 10 Mig, but not with doses of 1 and 5 ,ug. When the lesions were excised 48 to 92 hr after infection and when viable cell counts were made, rabbits treated with norethindrone showed significantly lower staphylococcal counts than the control rabbits. During the 1st day after infection with S. aureus, leukocytic counts of the norethindrone-treated rabbits remained normal, whereas control animals showed elevated leukocytic counts.
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This study was undertaken to determine whether norethindrone, a recent progestational contraceptive, has any recognizable action either on the evolution of staphylococcal infections or on the chemical reactions of the growth and metabolism of staphylococci.
The diverse regulatory activities of hormones on the metabolism of mammalian cells (2, 17) suggest that a hormonal effect on microbial pathogenicity may exist and may be of importance as a regulatory mechanism of toxin and antigen production by staphylococci.
Since there is evidence that the reactivation of an infectious process can be affected by the secretions of the endocrine system (11) ,g of norethindrone per ml, dissolved in saline containing 1% absolute ethyl alcohol. Control animals were treated with 1 ml of the ethyl alcohol-saline solution at the same time and by the same route. All animals were injected intradermally on the right side with 1 ml of S. aureus, serotype XIII, 4 hr after the second hormone or ethyl alcohol-saline injection. S. aureus was grown aerobically at 37 C for 18 hr on Brain Heart Infusion Agar (Difco) slants, suspended in 10 ml of sterile saline, transferred to a 50-ml Erlenmeyer flask containing glass beads, shaken manually for 3 min to obtain a homogeneous suspension, and adjusted with sterile saline to 425 Klett units. This suspension contained approximately 1.0 X 109 viable cells. The size of the lesion resulting from the injection of S. aureus was determined by tracing its outline on transparent paper and measuring its area with a planimeter.
Bacterial counts. The number of viable staphylococci in the skin of infected rabbits was determined as follows. The skin lesions were excised aseptically, minced with scissors into very small pieces, and homogenized with a motor-driven tissue grinder. Serial 10-fold dilutions of the suspensions were made in sterile saline, and appropriate samples were plated on Trypticase Soy Agar (BBL) plates.
Leukocyte counts. White blood cell counts were made by use of the conventional white blood cell pipette and counting chamber (6) .
REsuLTs Effect of norethindrone on various strains of S. aureus. Nine serotypes of S. aureus were prepared for growth studies as described. Three separate experiments were performed with each strain; the mean values obtained are shown in Table 1 . Although norethindrone in concentrations of 20 to 50 ,ug/ml exerted a definite bacteriostatic effect on the nine used in this study, there was variation in the response of strains to the action of norethindrone. Serotypes XII, VII, VIII, IV, and XIII were the most susceptible, and serotypes VI, I, and II were the least susceptible. As expected, increasing the concentration of norethindrone from 10 to 50 ug/ml of medium resulted in a progressive retardation of the growth of staphylococci. a The system contained 49.5 ml of Tryptic Soy Broth in a 300-ml nephelometric flask, norethindrone at a final concentration of 0 to 50 ,Ag/ml of broth in 0.5 ml of 95% ethyl alcohol, and 7.0 X 106 viable staphylococci. Flasks were incubated for 10 hr on a rotary shaker in an incubator room at 37 C. Five separate experiments were performed with each strain, and the mean values obtained were recorded.
b Expressed in micrograms (dry weight) per milliliter.
Effect of aerobiosis. The ability of norethindrone to inhibit the growth of six serotypes of S. aureus under aerobic conditions was tested at 37 C on a rotary shaker. After 7 hr of incubation in the presence of 20 ug of norethindrone per ml, the six serotypes showed a 3 to 24% inhibition in their growth (Table 2) . Norethindrone at a concentration of 50 Ag/ml produced a 41 to 53% inhibition in the growth of the six staphylococcal serotypes. Norethindrone appears to slow the rate of transition of cells from the lag phase into the exponential phase of growth (Table 3) Leukocytes. During the first 24 to 48 hr after infection with S. aureus, a white blood cell count variation from 6,700 to 13,650 was seen in the norethindrone-treated rabbits. In control animals, the leukocytic count ranged between 14,900 to 24,800 (Table 8 ). In general, after the 24 to 48 hr interval, the elevated leukocytic count of the ,ug/ml of norethindrone, or 1 ml of saline containing 1% ethyl alcohol. All animals were injected intradermally with 1 ml of Staphylococcus aureus XlII, standardized to 425 Klett units, 4 hr after the second hormone or saline-ethyl alcohol injection. lack of bacteriostatic action of norethindrone on gram-negative bacteria is in striking contrast to the growth inhibitory action produced by norethindrone on gram-positive bacteria. Explanations of insensitivity to norethindrone of gram-negative microorganisms included in this study may involve the chemical differences in cell envelopes of gram-negative and gram-positive bacteria, the inability of the first organism to bind norethindrone, or their ability to transform rapidly this hormone to an inactive intermediate. Fabian (5) has shown that staphylococci reduced 4-androstene-3,17-dione, a steroid which can be derived from 17-hydroxyprogesterone, to testosterone in cultures of staphylococci grown in nutrient broth for 24 hr on a reciprocal shaker. It is worthy of note that norethindrone under similar conditions exerted a definite inhibitory action only during the first 8 hr of incubation. This is evidence in favor of inactivation or transformation of norethindrone by staphylococci after the 8th hr of incubation. However, beyond the 8-hr interval of incubation, the balance of nutrients and the accumulation of toxic products in the control and norethindrone-containing flasks could not have been the same, and it might have accounted for the apparent good growth of staphyloccocci in the hormone-containing flasks between the 8th and 10th hr of incubation.
The fact that endocrine factors play a role in the development of acne vulgaris has been known for a long time. Since acne is related to the activity of sebaceous glands, a few remarks of the known action of hormones on these glands are of importance. As early as 1941, Hamilton (7) showed that androgens can induce the development of the sebaceous glands in man. Later it was found that injections of testosterone produced sebaceous activity with subsequent acne (8) . However, Kalz (10) reported a beneficial effect of testosterone in controlling acne. Similarly, the effect of progestins on the sebaceous glands continues to be a subject of controversy (4, 9) . Estrogens have long been in vogue for the treatment of acne, and experimental studies have shown that sebaceous! gland activity is effectively suppressed by estrogen administration (13, 14) . Similar suppression of sebum secretion has been reported by Strauss and Pochi (15) with a combination of norethindrone and mestranol. This suppression in sebaceous gland activity could be directly correlated with improvement of acne in a study of 36 female patients.
Much interest has also been centered upon the effect of hormones upon the ground substance of connective tissue. Beneficial effects of testosterone on granulation tissue response to injury where subcutaneous wounds were inflicted have been reported (16) . The ability of testosterone to increase synthesis of the mucopolysaccharides of connective tissue is also known (3, 12) .
The in vivo studies presented in this paper indicate that smaller staphylococcal lesions can be produced in adult female rabbits pretreated for 24 hr with norethindrone than in control rabbits. It was also found that, once a staphylococcal lesion had been established, norethindrone failed to exert any influence. That is, the rate of disappearance of the lesion measured over a 14-day period was not affected by the injection of daily treatment with norethindrone. It would appear then that prior conditioning of the animal with norethindrone is necessary for the retardation of staphylococcal lesions. The absence of an effect by norethindrone on established staphylococcal lesions reflects an effect of norethindrone on the animal. This is in harmony with the reported ability of hormones to increase the rate of hyaluronic acid synthesis (1), an important component of the overall mucopolysaccharide composition of animal tissue. Thus, it is logical to assume that the altered tissue structure in norethindrone-treated animals could have accounted for the suppression of furunculosis.
